Background: For severe, complicated Clostridium difficile infection (CDI), concomitant treatment with IV metronidazole and oral vancomycin is usually prescribed. Sometimes vancomycin per rectum (VPR) is added to increase colonic drug delivery. Our purpose was to examine clinical outcomes of patients with CDI treated with VPR and compare results to a matched control group.
Introduction
Despite widespread awareness among healthcare workers of the risk factors for Clostridium difficile infection (CDI), there have been large increases in both its incidence and severity over the last 20 years [1] [2] [3] [4] [5] [6] . This has translated into higher patient morbidity and mortality as well as an increased economic burden on our health care system [7] . Much of the blame for this trend has been attributed to a particularly virulent strain of C. difficile, BI/NAP1 or ribotype 27, which produces elevated levels of toxin and has led to numerous outbreaks of severe CDI [1, 6, 8, 9] . Troublingly, the increase in cases of severe CDI has been coupled with a rise in the rate of colectomy and death for infected patients [9] . For the treatment of severe CDI, defined as a leukocytosis ≥ 15,000 or rise in creatinine ≥ 50% above the pre-morbid level, oral vancomycin is recommended as first-line therapy rather than oral metronidazole [10] . Oral metronidazole is rapidly (0.25 -1.0 h) and efficiently (≥ 90%) absorbed, but only 6-15% of the original dose reaches the inflamed colon via colonic secretion [11] . As CDI is treated and colitis resolves, the average stool concentration of metronidazole decreases from 9.3 to 1.2 µg/g, below the MIC for C. difficile which ranges from 2 to 32 µg/g [11] [12] [13] [14] . Comparatively, oral vancomycin is poorly absorbed and colonic vancomycin levels after oral administration reach 64 -880 µg/g [15] . This concentration is well above the MIC of 1.0 -2.0 µg/mL for C. difficile [12] [13] [14] [15] [16] . Concurrent intravenous metronidazole may be added for those with severe disease complicated by hypotension, ileus, or megacolon, otherwise known as severe, complicated CDI [17] [18] [19] . In these situations, some institutions also use add-on therapy with vancomycin per rectum (VPR) due to concern about colonic delivery of oral drugs. This option is endorsed by both the Infectious Disease Society of America and the European Society for Microbiology and Infectious Disease [18, 19] . However, the evidence for VPR is limited as most studies reported to date have been case reports [20] [21] [22] . In the only three case series to date, VPR was found to be effective in decreasing the need for colectomy and the rate of death [23, 24] . The aim of our study was to expand upon the 
Patients and Methods
We first obtained IRB approval to review clinical information. Using pharmacy records, we identified all inpatients at our institution prescribed VPR from January 2003 to December 2013. Charts were manually reviewed. Included patients had diarrhea and a positive stool test for C. difficile toxin by EIA (Wampole C. difficile Tox A/B II, Wampole Laboratories, Princeton, NJ) and/or pseudomembranes identified on colonoscopy or sigmoidoscopy. We restricted our definition of a study case to patients who were in the ICU at the initiation of treatment and received ≥ 4 doses (i.e. ≥ 1 day) of VPR. APACHE II scores for the day of CDI diagnosis were calculated for all patients meeting inclusion/exclusion criteria. Selected patients could not have an alternative cause for symptoms. Information was recorded for the entire hospitalization until discharge. All patients received intravenous fluids and electrolyte replacement as determined by their provider but we did not systematically record other conservative measures such as the use of anti-diarrheals. The primary combined outcome variable of interest was colectomy or death. We selected our controls from a list of ICU patients diagnosed with CDI in our hospital over the same period of time, excluding those prescribed VPR. The list from our medical records department was scrambled alphabetically prior to chart review. Control patient charts were manually reviewed and APACHE II scores were calculated for their day of CDI diagnosis. For each case patient, two control patients in the ICU with matching year of CDI diagnosis and APACHE II score were selected. After identifying sufficient controls, we stopped reviewing charts. The most common reasons that patients from the control list were excluded were insufficient data to calculate APACHE II score, lack of required CDI diagnostic criteria, and being a control that had already matched to a patient.
Delivery of vancomycin by enema
The dose of VPR for all patients was 125 or 250 mg Q 6 h. Vancomycin Hydrochloride for Injection USP (Hospira Inc., Lake Forest, IL) was mixed thoroughly with 100 cc of tap water prior to instillation. Drug delivery was most commonly performed using a rectal tube with the patient in the supine or left lateral decubitus position. The tube was clamped after delivery usually for a minimum of 30 min to allow adequate mucosal contact time.
Statistical analysis
Prior to inferential statistics, we assessed the distribution of continuous data. For parametrically distributed continuous data, we performed Student's t-test to compare data between groups. Data were presented as means ± standard deviation. For non-parametric comparisons, the Wilcoxon signed-rank test was utilized. Non-parametric data were presented as median with interquartile range (IQR). For comparison of categorical data, 2 × 2 tables were constructed and significance was calculated using the Chi-square test. In order to determine independent predictors of mortality we developed a logistic regression model. The dependent variable was the combined endpoint of colectomy/death. A priori, treatment with vancomycin enema was selected as one of the independent explanatory variables. All calculated P-values were two-tailed, with significance set at P ≤ 0.05. SPSS version 22 (IBM Corporation, Armonk, NY) was used for calculations. No formal power or sample size calculation was performed due to the limited number of cases available for analysis.
Results
We identified 43 CDI patients in the ICU who received VPR during the study period. We excluded 18 patients because they Vancomycin
did not receive ≥ 4 doses of VPR and one patient who received VPR after colonic surgery. Therefore we included 24 CDI patients. A total of 637 charts were reviewed in order to find 48 matching control CDI patients. Table 1 compares the characteristics of the cases and controls. The patients were primarily middle-aged to elderly with profound hypoalbuminemia. The median length of stay was nearly a month with roughly half of the days as a resident of the intensive care unit. The mean APACHE II scores (a matched variable) was 20 for both groups predicting a 40% in-hospital mortality [25] . Over 90% of patients in both groups had severe or severe-complicated CDI. Figure 1 highlights therapy for CDI. The numbers for each therapy indicates that the patient received at least 1 day of that therapy. The ratio of drug exposure/patient is greater than 1 because therapy switches were common. All patients in both groups at some point received either oral or IV metronidazole. However, only 37.5% of controls received oral vancomycin, while 79.2% of VPR cases received this therapy (P = 0.001). For both cases and controls, many patients were on more than one CDI therapy simultaneously. As can be seen for the lower half of the figure, continuation of baseline therapy was common after adding on VPR. If a patient was receiving IV metronidazole and/or oral vancomycin, this therapy was not stopped. For many, VPR represented their third concomitant CDI therapy.
For the major outcomes, surgery was performed in eight (16.7%) control patients not receiving VPR, and four (16.7%) VPR patients (P = 1.00) (Fig. 2) . Death occurred in 20 (41.7%) control patients and 11 (45.5) VPR patients (P = 0.74). In the control group, six patients died after surgery compared to three in the VPR group. Therefore, for the combined outcome of surgery or death, the rate was 45.8% for the controls and 50.0% for the VPR group (P = 0.73). For the VPR group, we explored the timing of starting VPR on outcomes. The mean number of days of CDI treatment before starting VPR was identical for the patients with (n = 12) and without (n = 12) a favorable outcome (10.1 ± 15.7 vs. 10.1 ± 8.7, P = 1.00). The combined outcome of surgery or death for those started on VPR within 7 days of CDI treatment was insignificantly lower (five vs. seven patients) than for those started at a later time (P = 0.09). We performed a logistic regression analysis to estimate the effect of VPR on the occurrence of death or surgery. The results are presented in Figure 3 . We found that underlying immunosuppression (OR: 8.7, 95% CI: 1.3 -57.1) and the presence of severe complicated disease (OR: 19.0, 95% CI: 4.3 -84.4) were independently associated with this combined outcome. Use of VPR was not associated with outcome (OR: 0.6, 95% CI: 0.2 -2.2).
Discussion
It has been established that the preferred treatment for severe CDI is oral vancomycin [10, [17] [18] [19] . In patients with severe CDI and certain complications, namely hypotension, toxic megacolon, and colonic ileus, adjunctive therapy with intravenous metronidazole may be beneficial. Despite this, many patients develop progressive disease leading to colonic perforation, peritonitis, and septic shock. Under these circumstances mortality is very high, and colectomy may be lifesaving [26] [27] [28] [29] . Our main aim was to evaluate the efficacy of VPR as an additional adjunctive treatment for severe and severe complicated CDI primarily as a means to prevent colectomy and/or death. Our study is the first case-control study comparing VPR therapy with oral and/or IV CDI therapy alone. After matching ICU patients who did and did not receive VPR in a 1:2 ratio based on APACHE II score at time of CDI diagnosis, we found that VPR had no statistically significant effect on preventing colectomy and/or death. The number of patients who required colectomy, died, or had the combined endpoint of colectomy/ death, did not differ between the VPR+ and VPR-groups (all P > 0.05). The timing of VPR (how quickly it was added on after treatment initiation) seemed to make no difference.
VPR is utilized in order to augment colonic drug levels supplementing oral delivery [18, 19] . In theory, VPR can successfully deliver drug to the distal of one-third of the colon. This is supported by a study of mesalamine for ulcerative coli- Yes (all IV metronidazole, 5/7 oral vancomycin)
Colitis resolution in four of the seven patients Nathanson et al [22] (2001) Report 500 mg in 500 mL saline BID Yes (IV metronidazole for 10/10 days)
Colitis resolution with discharge to home Apisarnthanarak et al [23] (2002) Series (9) Variable (0.5 -1 g q4 -q12h) Yes (all IV/oral metronidazole, 7/9 oral vancomycin)
Resolution in 89%
Kim et al [24] (2013) Series (47) 1 g q6h Yes (oral vancomycin and IV) Resolution without surgery in 70% Vancomycin Enemas for C. difficile J Clin Med Res. 2015;7(6):422-427 tis whereby rectal delivery of 100 mL of medication reached as high as the descending colon [30] . There have been a few case reports and small series commenting on the efficacy of VPR in severe CDI, with and without complications [20] [21] [22] [23] [24] . These studies have reported predominantly positive results ( Table 2 ). The doses of VPR used have been higher than in our study, typically 1 g of vancomycin solution mixed in 500 mL 0.9% normal saline Q 6 h. As in our study, there was frequent use of concomitant oral vancomycin and intravenous metronidazole. Based on the available literature, the Infectious Diseases Society of America has assigned a grade of C-III for the use of adjunctive therapies including IV metronidazole and VPR in severe complicated CDI, indicating general recommendations cannot be strongly endorsed [18] .
The main strength of our study is the inclusion of a wellmatched control arm. We studied a relatively homogeneous group of patients, those requiring ICU care, who would be reasonable candidates for VPR. We elected to match overall disease severity between groups using a well-validated scoring system, the APACHE II [25] . In fact the predicted and actual mortality rate for our study group was remarkably similar (APACHE II 40% vs. actual 45.8%). As Table 1 shows, there were no differences in any other measured variables between the two arms of the study that approached statistical significance. Matching on several known confounders hopefully led to matching on important unmeasured variables. A final important strength of our study is the use of well-defined outcomes, surgery and death, eliminating the possibility of outcome misclassification.
We acknowledge several weaknesses within our study as well. First, our sample size is small and it is possible our results represent a type II error. We attempted to reduce error margins using a case to control ratio of 1:2 but a larger sample of cases would improve our point estimates and strengthen the confidence of our findings. Secondly, our study is observational and we were unable to control for the antibiotic regimen used to treat our patients. As shown in Figure 1 , patients in both arms of the study received varying regimens consisting of vancomycin oral, metronidazole oral, and/or metronidazole IV. A higher exposure to oral vancomycin was seen in the VPR group. We also could not control for the timing of VPR as some patients received this therapy within days of diagnosis and others after a week or more. Finally, our hospital has just begun to report the strain of C. difficile, but this was not available for the study period.
Independent risk factors for the endpoint of colectomy/ death in our study were the use of immunosuppression and having severe complicated disease as opposed to mild-moderate or uncomplicated severe disease. Of the 40 patients from both groups with severe complicated disease, 29 (72.5%) died or had a colectomy. All patients who died experienced hypotension/shock at some point fulfilling the criteria for severe complicated disease. Overall, 12 (30%) had radiographic evidence of an ileus and/or toxic megacolon. Our mortality rate is much higher than other studies which have reported this incidence; however, we studied a very ill subset of individuals [31] . Moreover, our reported mortality rate is all-cause as it is not possible to ascertain the incidence of CDI-attributable cases due to the retrospective nature of our study.
In conclusion, our study is the first case-control series to investigate the use of VPR for the treatment of severe CDI. In contrast to previously reported case reports and case series, we found that VPR did not decrease the need for colectomy and/or death when compared to standard therapy. In light of this study's limitations, we cannot advocate for or against the use of VPR to treat severe CDI. Additional, larger case-control studies, or preferably controlled trials, are needed to further investigate this therapy.
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